Microorganisms (bacteria and fungi) were isolated from different parts of yellow maize (stem, cob, husk, leaf, root) as well as from rhizosphere and non-rhizosphere soil of maize using conventional microbiological techniques. A total number of twenty-six bacteria and thirteen fungi were isolated. The antagonistic efficacies of these isolates were tested against Sclerotium rolfsii, Aspergillus repens, Penicillium notatum and Pythium sp. using streak bioassay, food poisoning and dual culture techniques. None of the bacteria was antagonistic to the test fungi at 25˚C on PDA using streak bioassay. However, there was reduction in the population density of the test fungi using food poisoning technique. The fungal isolates were antagonistic to the test fungi in varying degrees. Generally, S. rolfsii was susceptible to seven out of the eight fungal antagonists while P. notatum was least susceptible. The percentage reduction of S. rolfsii ranged from 40.00 ± 5.78 to 64.07 ± 2.31. Efficacies of chemical fungicides; mancozeb, camazeb and red force at 3 different concentrations-0.05%, 0.1% and 1.0% (w/v) on the test fungi were also determined. No growth of the test fungi was observed at 1% (w/v) of all the fungicides while at lower concentration (0.05%), red force did not have any inhibitory effect. The growth of S. rolfsii was completely inhibited at 0.05% of mancozeb whereas there was reduction in mycelial growth of A. repens. Effect of inoculation time and nutrients (PDA and MEA) was determined on the antagonistic activities of Trichoderma viride. There were significant differences in inhibitory potentials of the two isolates of Trichoderma viride when pre-inoculated on the culture medium. The antagonistic potentials were more pronounced on malt extract agar than potato dextrose agar.
Introduction
Crops are usually affected by phytopathogenic fungi and fungal diseases are difficult to control without the use of synthetic fungicides [1] . However, the application of large quantities of chemicals in agriculture has the potential to exert toxic effects on humans and wildlife as well as to cause environmental pollution [2] . Also, increasing use of chemicals causes several negative effects, i.e., development of pathogen resistance to the applied agents and their non target environmental impacts [3] . Furthermore, the growing cost of pesticides and consumer demand for pesticide-free food has led to a search for substitutes for these products. There are also a number of fastidious diseases for which chemical solutions are few, ineffective, or nonexistent [3] .
Biological control treatment consisting of living microorganisms or abiotic products can provide disease protection essentially through one or more of the following: production of antibiotics or other molecules that are deleterious to the pathogen's development, competition with the pathogen for nutrients and space or induced plant resistance [4] . It is well established that there are large and diverse numbers of bacteria found on plants and a diverse set of bacteria have been identified with biocontrol activities [5] . The use of bacteria as biocontrol agents of foliar disease of cereals has been reported to be an alternative of great potential [6] . Fungi have received most attention as antagonists possibly because they are easier to handle and identify than bacteria and actinomycetes [7] . Studies on the use of maize associated microorganisms in Nigeria are not common, therefore the present investigation is aimed at determining the antifungal potencies of maize associated microorganisms.
Materials and Methods

Source of Maize
In Vitro Antagonistic Effects of the Bacterial Isolates on the Selected Crop Fungal Pathogens
1) Streak Bioassay A plug of each fungal mycelium (7 mm) was inoculated onto the centre of a potato dextrose agar (PDA) plate and a 40 mm streak of each bacterium was then made 23 mm from the fungal plug. Plates were then incubated for 5 days at 25˚C. Plates without bacterial streak were used as controls. Measurement of the fungal growth was according to Adetuyi [8] , Bhaskar et al. [9] and Daayf et al. [4] .
2) Food Poisoning Technique Different quantities (1, 2, 3, 4, and 5 ml) of each bacterium were incorporated into sterile PDA medium following Caldari Junior [10] . Afterwards, discs of mycelium-agar with isolates of the phytopathogen were inoculated in medium containing fungicides, with three repetitions for each treatment; including control inoculated in fungicide-free medium and maintained at 25˚C. Mycelial growth was measured on the 5 th day to evaluate the biological control and alterations in macroscopic aspects of colonies.
In Vitro Antagonistic Effects of the Fungal Isolates on the Selected Crop Fungal Pathogens Using Dual Culture Technique
The test pathogens and fungal isolates were studied using dual culture plate technique under in vitro condition.
The agar block cut from actively growing margin of individual species of fungal isolates and test organisms were inoculated in opposite direction to each other on potato dextrose agar medium in petriplates. Three replicates for each set were maintained. The rate of mycelium growth of each isolate in such a way that the colonies could reach simultaneously the center of the plate. Measures were carried out in opposite directions until the meeting of the two mycelia and/or until one of the two fungi were overlaid by the other [11] . Percentage reduction in the mycelia of the fungal pathogens was calculated using this formula:
Percent inhibition 100
where, C = radial growth in control set; T = radial growth in treated set.
Effect of Some Fungicides on the Selected Test Pathogens
Three fungicides were selected for the present study; mancozeb, camazeb and red force. These were incorporated into PDA medium following Caldari Junior [10] in three different concentrations (0.05%, 0.1% and 1%). Afterwards, discs of mycelium-agar with isolates of the phytopathogen were inoculated in medium containing fungicides, with three repetitions for each treatment; including control inoculated in fungicide-free medium and maintained at 25˚C. Mycelial growth was measured on the 5 th day to evaluate the chemical control and alterations in macroscopic aspects of colonies. The data were submitted to statistical analysis in order to compare the efficiency of fungicides. The experiment was arranged in a complete randomized 4 × 3 × 3 factorial scheme represented by four isolates of pathogen; three fungicides; three concentrations of active ingredient with three repetitions for each treatment, and control.
Effect of Nutrient Media on Antagonistic Ability of Fungal Isolates
Potato dextrose agar and malt extract agar (MEA) were selected to determine their effects on the antagonistic property of the fungal isolates. The media were prepared according to the manufacturer's specification after which the dual culture previously described was used.
Effects of Time on Antagonistic Activities of the Fungal Isolates
Based on the consistency of the antagonistic property of T. viride, it was selected for further studies. Trichoderma species were cultured on sterile potato dextrose agar plates a day and 2 days before inoculation of the selected pathogens [12] (Spotts and Chand-Goyal, 1997). The plates were then incubated at 25˚C for 5 days after which percentage inhibition was calculated.
Statistical Analysis of Data
The data collected were then subjected to analysis of variance (ANOVA) using SPSS version 11 Microsoft Windows xp. The means were separated using Duncan's Range Multiple Test at P = 0.05.
Results
Isolation of Microorganisms
A total number of twenty-six (26) bacterial species were isolated. Twenty-four of the isolates were Gram positive while two were negative. Majority of the isolates were Gram positive bacilli, two were negative bacilli identified as Serratia mascenscens and Pseudomonas sp. while the remaining ones were Gram positive cocci. Thirteen fungal isolates were obtained from the samples and were identified as Thysonaphora longispora, Trichoderma species, Staphylotrichum sp., Aspergillus flavus, Stachylidium, Hirsutella saussurei, Hirsutella saussurei, Penicillium italicum, Gonatobotryum apiculatum, Trichoderma viride, Condropodium pseudotsugae and Aspergillus niger.
Effects of the Bacterial Isolates on the Test Pathogens
None of the bacterial isolates was antagonistic but stimulatory to the test pathogens using streak bioassay at 25˚C on PDA. All the test pathogens overgrew the bacterial isolates as shown on Figure 1 to Figure 2 . The mycelial growth of the culture plates challenged by the antagonists and the control were the same as shown in Table 1. The results of the antagonistic properties of the test pathogens using poisoning technique also show that none of the bacterial isolates was inhibitory/but there was reduction in the mycelial growth and spore formation even at higher concentrations of the bacterial antagonists as shown on Figure 3. 
Effects of the Fungal Isolates on the Test Pathogens
All the test pathogens showed varying degrees in their susceptibility to the fungal isolates as shown in Figure 4 and Figure 5 . Generally, P. notatum was least susceptible to the fungal antagonists. The radial growth of the culture plates that were challenged by the fungal antagonists and percentage reduction of their growth are shown in Tables 2-5.
Effect of Selected Fungicides on the Test Fungal Pathogens
No growth of the test fungi was observed 1% of the active ingredient as shown in Figure 6 and Figure 7 . However, at lower concentration (0.05%), red force did not have any inhibitory effect on the test pathogens but there was reduction in the mycelial growth of S. rolfsii and A. repens when camazeb was used. The growth of S. rolfsii was completely inhibited at 0.05% of mancozeb whereas there was reduction in mycelial growth of A. repens as shown in Table 6 . 
Effect of Nutrient on the Antagonistic Property of T. viride
All the media used supported the growth of both the pathogens and T. viride. However, the growth of S. rolfsii and T. viride was more pronounced when malt extract agar was used (Plate 8). There was increase in percentage inhibition of all the test fungi on malt extract agar except Pythium species with percentage inhibition of 60.74 for both Trichoderma isolates and Aspergillus repens for Trichoderma from maize cob on potato dextrose agar as shown in Table 7 .
Effect of Inoculation Time on Antagonistic Activities of Trichoderma viride
There was increase in the antagonistic property of T. viride when it was inoculated a day and 2 days before S. rolfsii and Pythium sp. (Plates 9 and 10). The antagonistic property of the two isolates of Trichoderma was more Table 4 . In vitro antagonistic activities of maize associated fungi against Aspergillus repens on PDA at 25˚C.
Maize Associated Fungi Mycelial Growth (mm) Percentage Inhibition over Control
Trichoderma viride 1 from rhizosphere soil
Trichoderma viride from cob
Stachylotrichum sp. pronounced when they were inoculated 2 days before the pathogen The percentage inhibition ranged from 69.26% to 82.22% and 70.69% to 72.41% for Pythium species and Sclerotium rolfsii respectively ( Table 8 ). The results show that was significant differences in inhibitory potentials of the two isolates of Trichoderma viride with increase in inoculation time (Figure 8 and Figure 9) . Values followed by similar alphabet are not significantly different at P ≤ 0.05.
Penicillium italicum 1
Aspergillus flavus
Discussion
It is well established that there are large and diverse numbers of bacteria found on plants [5] . However, none of these bacterial isolates was antagonistic against the test pathogens although some of these isolates have been known to show inhibitory effect on some of test pathogens by various researchers [13] [14] . This may be due to strain peculiarity. Foldes et al. [15] showed that out of 25 Bacillus isolates experimented on, only one (4%) exhibited zones of inhibition against phytopathogens and other microorganisms. Todorova and Kozhuharova [16] observed that Bacillus species strain TS 01 did not inhibit the growth of A. niger and Penicillium species. Trichoderma viride is associated with rhizosphere although this is the first time to the best of our understanding in which T. viride was isolated from maize cob. Of all test pathogens, S. rolfsii was most susceptible to maize associated fungi followed by Pythium sp. Many groups of fungi are well known as biocontrol agents [17] . Fungi have many mechanisms of action such as growth competition, antibiotic production and mycoparasitism [18] . Although Ghildiyal and Pandey [19] observed that none of the species of Trichoderma showed visible inhibition of pathogenic fungus Pythium afertile, the reverse was the case in this present investigation. The antagonistic ability of Trichoderma spp. may be due to the production of antimicrobial substances, synthesis of hydrolytic enzymes, toxic compounds, or antibiotics and competition for nutrients and ecological niche [20] . Both test pathogens and the antagonistic fungi grew well on both PDA and MEA. However, the growth was best on MEA. Şesan and Oancea [21] observed that the most favourable media for growth and sporulation of T. viride, Td50, were Weindling, Warcup, MEA and PDA. There was increase in antagonistic abilities of most of the fungal isolates on MEA. Penicillium notatum was completely inhibited on MEA by T. viride which depicted that might be a factor in the medium that facilitated factors responsible for antagonistic activities of T. viride.
No growth of the test pathogens was observed at 1% (w/v) of mancozeb, camazeb and red force. Sclerotium rolfsii was completely inhibited at 0.05% (w/v) of mancozeb while there was no inhibition when 0.05% of red force was used. Oniango et al. [22] observed that mancozeb was most effective at higher concentrations. Zaker and Mosallenejad [23] also stated that mancozeb completely inhibited the mycelial growth of Altenaria alternata at 0.2%.
There was an increase in antagonistic property of pre-inoculated T. viride against S. rolfsii and Pythium species. Havenga et al. [24] observed that antagonist cells of B. subtilis applied prior to the pathogen, Colletotrichum gloeosporioides resulted in total inhibition of spore germination. Therefore the antagonist's preventative action might be an indication of competitive exclusion or pre-emptive colonization.
Conclusion
The present investigation has shown that Trichoderma viride isolated from maize cob was antagonistic to the test fungi. The factors underlying its biocontrol potential and its effect on plant therefore need to be determined.
